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Variations of intensity of cosmic rays and the role of

meteorological fzotors.

A short exposition of the results of experimental ond
theoretical investigstion of the influence of meteorologionl factors
on the observed (at sem level) intensity of the herd componsnt of cosmia
rays is presented, It is shown that, mowing the distribution of
temperature of the stmosphere above the point of observation it is
possible to esleculate the meteorologicel faetor with a precisien of
up t0 Os1 = 02 in the intensity of cosmic reys {in which case the
remaining divergence lies within the limits of error of the deia of
meteorologienl soundiag).

It turns out thet (with this precision) seesonal veriations of
intensity of the herd component are fully conditioned by
meteorologicel factors. Dlurnal changes are, to a materisl degree,
magked by these factors.

The study of the varistions of intensity of cosmic rays is a matter of
considerable interest. In the first place, some of them are conditioned by
changes in the earth's gluosphere snd therefore information on the charscter
of the interaction of cosmic roys with metier and on the nature of particles
in cosmie rays ocon be exiracted from this., Secondly, baviéng relisbly
excluded those varistions of geophysical ovigin, it is possible to obtein
information necessary for explaining the problem of the mechaniem and place
of generation of cosmic rays. Thirdly, the knowledge of the character of
the connections beiween veriations of the intensity of cosmic rays and sclsr
sctivity, the sbate of the Harth's magnetic field and fluctuations of
meteorologicel perameters will help the further study of these phenomeno.

In 1928 YS0VSKY /1/ discovered the barometric effect, o convinecing
confirmation of the extra-terrestrial origin of cosmic rays. This was the

first work in the U,S8.8,R. on the study of the verietions of intensity of

Approved For Release 2000/08/29 : CIA-RDP78-04861A000400020840-7



Approved For Release 2000/08/29 : CIA-RDP78-04861A000400020010-7

o

D

cosmic reys. In recent years a number of theoreticel and experimental
results have been obiained from the siudy of this question; the exposition
of some of them comprises the basic content of the nresent arbicle.

The hard component of cosmic reys has been subjected the most
frequently to investigetion, To the number of periodic fluctustions of its

(decenmiat)

intensity belong the 11 - yearﬂvse&sonal (annuel), 27 - day (monthly) end
diwrnsl fluctuations. Sessonal varistions in the limits of the northern
part of the U,5.5,R. reach 5,; the rewainder (except the decennial) reach a
wesker degree (they are memsured in tenth parts of one per cent), Both
for the explanation of intersction with the atmosphere and for the problem
of the origin of cosmioc rays, it is important, first of all, to isoclate the
yveriations of intensity of the hard component of cosmic rays connected with
meteorologionl changes in the ectth's atmosphere.

In 1937 BLACKHIT /27 pointed out the existence, fogether with the
bercmetric effect, of a temperature effect for mesons, reduced, according
to BLACKETT, to the statement that with werming, {e.g. in summer) the
abtmosphere expands, the level of generation of mesons, in this case, rises,
and the decouposition of mesons increasses. By this, the order of magnitude
of vhenomena observed at sea-level con be explained. However, in
subsequent foreign experimental works ﬁ-—_ﬁ?’, ang many other earlier ones
{the number of which is numbered in tens) unsuccessful attempts, on the
basis of precise measurements over meny yeers of the variations of the
intensity of the hard component of cosmic reys, were mede %o explein by
netegorological effects the scesonal changes of intensity of cosmic reys,
having obtained more preogise temperature effect.

In foreigh literature at .g:; present time this gquestion is extremely
complicateds Tt is sufficient to say thet, in & survey in 1352 Zy s in
for example, the article of DOLBEAR and HLLIOT, it wes shown that in
seasonal varistions, after taking into account the decomposition of mesons,

there soemed to remein en equally powerful semsonal effect of the reverse

,f"sign
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sign (so-called ositive temperature effect)s .n effect of such & sign
aught, indeed to be obtained if the competition between decomposition and
copture of T .mesons gener&tingrt mesons is taken into account, but it
ought to be several (up to three) times less than that calculated by these
authors and slso in work /G from observetions.

However the whole sonclusion that to take into account the decomposition
of the meson does not remove the sengonal effect, but strenghtiens it, is,
as we shell see, based on a misunderstanding.,  The following circumstanee
plays a considercble role in the creation of this migunderstanding.

smeterologionl effccts are usually reduced to two : borometric (simple
ineresse of the absorption of mesons with the growth of the mass of matter
sbove the z:xppax'atus} end temperature (displecement of the level of generation
of fthe mesons with chenge of temperature of the etmosphere).  buring
caleulation of temperature effect the question arises @ wiich temperature of
the atmosphere should be teken into sccount here? DBetween sed level and the
level of generation the temperature of the atmoaphere differs by 60O - 80 deg.
and its chenge at different levels is not uniforms  Thus, at see level in
summer it is wermer then in winter whilst at the level of geners tlion in 2
nunber of places {England, orth imerice) it is colder in summner. 4t sen
lovel in Siberis it is colder then at the equator, but in the stratosphere it
is warmer, etc.

In & number of works illeconceived attempts were made during the ealoulatlion
of temperature effect to construct a so-called wgingle” temperature coefficient
out of the changes of temperature of the layer of stmosphere nearest the
earth or, on the other hand, of the stratosphere part, or an average of these
two temperatures or an average of the temseratures of & certain part of the
atmospheres In these circumstonces mubusily contradictory results were
obtained.

wesnwhile the guestion, as was shown even in 1946, wllows of ¢ simple

and general sclution.

Jrirst
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Hirst of sll, attention should be direccted to the existence, apsrt
from berometric effect and the effect of the displacement of the level of
generation of mesons, of snother equally important effect: the lifctime of
the meson depends on its energys Therefore the probability of decormosition
grows ag the meson spproaches the Ferth as o result of ionisation losses.
WWhere = at the beginning or end of the path -~ the meson loses this energy,
is of very meterial importance, In other words, the probability of reaching
the farth changes witi the re-distribution of magses even at o constent
height of level of generation. Hence caleulation of the non-ecuilibrium of
the atmosphere during analysis of the experiment is essential.

Caleulation of the chenge of metecrological factors, as can be easily
shown is determined in fact for the vertical flow of mesons by the following
formule, in which we neglect only the spreading LR EMAZINNOST!/ of the level
of generation and the coupetition between decomposition end capture of
T wmesons, generating ;" ~mesons. /77

SR g L CO IO

N(w . h' ]:-CFl'-a/\‘-f/.'ti-‘f/;ﬂ‘}'T (\h’)

1
flere Nf"\ is the probability of f" mesons reaching the point of observetion

N
end 3 Nf‘" is its chenge; 8\'@_’9 is the change of pressure at the point of

observeilion; h, is pressure at the polnt of generstion where the impulse

of the particle is F a ; a is the ionisation losses per gg,fcmg of the airg

ST( b\‘} is the chenge of temperature T ot the point with 'Jfgress.surefﬂ I:,: 4y B
are coefficients depending on the mass of ‘thﬂr‘ -mesonn:, its lifetime at rest

-~ . : N : ; y s 5
T, temperature and density of the eir st the point of observation T (o},

: : — ) U= :
P(L\O)q: CF( +oa ("‘o‘*' hl) urT—a P(‘P\o)

In formule (1) its first member gives the barometrie effect, in the

4]
A_ mcz ' B,~ Mt’.‘.‘(?‘ ho

second is included the complicated influence of changes of temperature in a
(%) . R
heterogensous atmosphere /fﬁct in & state of aquil:v.brmg/
In 1949-50, efter overaging according to the spectrum of the nesons
and according to angles, formula (1) wos extended o the case of globsl

intensity, Up to recent times this generslised formula wes also utilised
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by us for theoretical forecasting of meteorological effect and it enabled

us to obtein this important result ; it was shown that the sessonal voriation

.

by the influence of meteorological factors. Tn view of this the necessity
of further precision of the formula (1) arose.

4t the beginning of 1952, formula (1) was newly generalised /5/ on a
two-meson diagram, besed on the supposition um‘{’“ - mesons appear as the
result of the decorposition oi‘Tr - mesons genersted by the nrimary component
in the thickness of the atmosphere, which can both decompose and be capbured
by nuclei. By this, the so-celled positive tomperature effect is coloulated.

The change introduced by the possibility of the capture of Il -mesons is,

intensity of the herd component of cosmic rays is almost wholly explained

generally speaking, not great; it is considersble only for great depths under

the eoarths

sonfirmation of the correctness of such a hypothesis can be scen in the
oot that the generstion spectrum of n -mesons, obtained from comperison
of the theoretical veriation with helght of P‘ -mesons with the experimental
( utilizing the well-known data of GRIGOROV /57 ) agrees well with POWELL'S
generation spectrum /To/.

On the basis of the formulae obtained, suxiliary graphs were constructed,
from which, knowing the temperature cross section of the atmosphere and
pressure at the point of cbservetion, it is easily possible to calculnte the
change of intensity of cosmie ré.ys (S Mr\'conaitioned by the change of

neteorclogiosl foctors.  According to this theoretical diegram, data of

continuous registration of fluctuations of cosmioc ray intensity were elaborated

in order to exclude the influence of meteorological effect. Experimental
deta of fluctuations of global intensity of the hard component of cosmic
roys werce obtained by us with great orecision - up to a fow hundredth parts

of one per cent over one hour of observation.

wpom these date of chenges of intensity of the herd component of
cosmic rays st two different pointe of the Soviet Union we chtaiped curves

of the seasonsl variation of the intensity of cosmic reys. ‘The velues of
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Results of messurements and calculations are presented also in the

following teble:

Seasonal effeat
{Amplitude of anmual

Point Time variation) Coefficient
of o Caleulat of
Obser- a. ated
Cbhservation vation Measured acco iging anrrelation

meteorologleoal
date

U,S.8.R,

Point Nos 1 19541952 2,0 2.2 0499 & 0,00k
UsSeSeRe

Point No, 2 1949-1950 5.0 L9 0e91 # 0,03
UeSeBuRe

Point No. 2 1951 ~1952 3,6 Jals 0,92 # 0,014
UeBado

CHELTENHAM 1937=-1946 L PN 163 0,89 & 0,03

P

The residusl gifference ¢ 1 — & N

of the order of Q.1 = 0,2% does not exeeed the limlts of error of
measurements of the temperature of the atmosphere and messuremeénts of 81
Thus we can confirm that with the preeision indicated, the seasonal
effect for the hard component of eosmie rays is fully explained by
meteorologisal faators, FHowever the authors of work Lf/, introdueing, as we
have said, & correction for the decomposition of mesons, did not compensate the
measured veriations and obtained a residual seasonal effect of the same
sbsolute value (1.8/5) as that measured, but of the opposite sign., As can be
easily shown EZ? , the resson for this lies in the incorrect ecaloulation of the
influence of the decomposition of ‘V‘ mesone where the temperature distribution
of the stmosphere was not borne in mind. Incomplete calculation of the
influence of meteorclogical factors in work @ led to the erroneous
interpretation of positive temperature effect which was explained by the
effect of 1| mesons, In fact the result obtained in @ is explained
(see /1Z7), basically by the fact that the author did not take into account the
effect of redistribution of masses and the effesct of the spreading
EMM&Z&WS‘PL? of the level of generation which play a speeial role, because
at the point of measurement of the work E the temperature in ths stratosphere
has a seasonal variabtion, the reverse of the seascnel variation at earth levels

¥ig. 3. The density of the temperature cocffielent W ((n‘) for T‘"“ snd
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change of temperature at a given point ST(P‘ ‘}shmuld be multiplied,

Having integrated this product according to height fv\', we obtain a value
corresponding to the second member in formula (1) for the case of observationa
at sea level, The utilization of only the lower curve gives the effect for the
"one-meson diagram®, The upper curve gives the coniribution (possessing reverse
sign) from the competition between capture and decomposition of T - mesons,

The full effect is given by the sum of both curves:

it

SN eo= § o) $T (b}

Fige 4 The daily effect of variations of intensity of the hard
component of cosmic rays, obtalned by aversging data of measurements (UuBeBae
point No, 2) over 1949~1952 (white circles), The black circles show the
theoretically expected changes of intensity of the mpson component 8 N [
conditioned by meteorological factors and caloulated from the averaged date of
daily meteorological sounding of the atmosphere at the hours indicated, The
average error of measurements 0. is equel to + 0,023%,

Theoretical calculations show that for intensity of cosmle rays, observed
at sea level, the effect of change of temperaiture at a great height on TU mesons
is 4~5 times weaker then on f’*’ memons; therefore the temperature effect of the
stmosphere is negative, (Fig. 3).

Incorrect calculation of metesrologicel factors, in perticular, neglect of
the shove-mentioned effeot of re-~distribution of masses, led, at one time, even
the author of E to the erroneous conclusion that the seasonal changes of
intensity of cosmio rays ere not reduced to meteorological changes and are half
explained, in his terminology, "by variations of the second kind" (world
veriations). Our results obviously refute this conelusion.

With the same mistake are slso connected the conclusions made in E where
it wag found that a substantial part of the latitude effect of intensity of
cosmic rays was reduced to a meteorclogical effect, Celeulations made as above
gave different results which definitely showed that the latitude meteorological
effect of inteneily of coemic rays at sea level does not exceed 3~4i5, and at a
height of 10 km it is not more than 1% /[iL/.

Diurnel changes of intensity of cosmic rays are of a lower order than
seaspnal and theiv study requires far more cere in the determination of dlurnal
changes of the temperature of the atmosphere at various levels. Besides this,

/the
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the separation of meteorological factors in the dai ly course of variations of
cosmie rays reguires round-the-clock repeated radlo-soundings considerably move
frequent snd more precise than those undertaken up £ill now by meteorologists,

Precise observations carried out by us in the UsS48sRe have enabled us to
obtain a large quantity of sufficiently reliasble materisl which clearly indieates
the existence of a diurnal effect in the intensity of the hard component of
cosmio radiation with an amplitude of 0,2%, with e maximum arcund mid-day. (Fig. &,
From Fig, L it can be seen that two points me~caleulated aceording to
meteorological dsta for & Mrat mid~day and midnight are in opposite phase,
corresponding to the points of the observed dlurnal sourse of variations (as
distinct from the result of work /37, ‘the error of which is shown in /2/).

Besults of observations, and caloulations for point No. 2 showed that after
introduction of sorrection for meteorological effeet, the amplitude of diurnal
variation 1 1s roughly doubled (0,4%). However, errors of diurnal measurements
of temperature of high layers of the atmosphere, conditioned by radiation heating
of radio-sondes are still so great (at the present time) that this conolusien
requires further gaveful testing, If this eonclusion iz true, then it means that
the daily effect of variations | of non-meteorological origin possessing the
reverse sign to the meteorological effeot, actually exists and has en amplitude
of about 043-0,4%

In connection with the problem of the diurnal effect in changes of the
fundemental interest lies in the caloulation of the influence of the changes of
conditlon of the sowcalled ozone layer, Ascording to preliminary experimental
date of measurements of temperature of the ozone layer, it turns out that the
amplitude of dlurnal fluectuations of its temperature attains eonsiderable
magnitude and is of the sign epposite to the amplitude of fluctuations of
temperature of the layer of air nearest the sarth, »

According to theoretical caleulations, the basie porblon of the diurnel
variations s 1 oould be explained by redistribution of masses ‘n the ozone layer ‘
and in conjunction with them, of the upper layers of the atmosphere, if the
fluctuations of temperature of the ozome leyer atteined 70-100°, However,
experimental data give no foundation for such propositions,

We note that certain experiments were carried out even earlier (see, for

example, /3/), in which the influence of meteorological factors was sutomaticelly
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‘excluded, Measurements of intensity of cosmic rays were carried out at
mediun latitudes by two itelescopes, one of which was directed parallel to the
earth's axis, and the other perpendicular to it, ‘hue, in spite of the dally
rotation of the esarth, intensity of radiation coming roughly from one point of
the sky was measured the whole of the time by one teleseope, whilst the other
telescope ocollected over the 24, hours, rediation coming from various pointes of
the aky. Therefore the difference of readings given by the two telescopes,
from which the meteorological effect drops out, should give the simple diurnal
effect of extra-terrestriel origin, Measurements carried out in E indicate
the existence of such diurnal effect in the intensity of cosmic rays with an
amplitude at least equal to around oI [

To the exemined group of questions belong the nonwperiodical changes
connected with the passage of meteorologicel fronts which are the boundaries
of separation of various eir masses, The considerable e xperimental mabterial
sollected at the present time at point Nos 2 hes ensbled us to confirm reliably
the existence of a so-oslled " front effect " {noted in work @ Yin &7
of the order of 0,3 & 0,84, Results are in any case in gqualitative and even
semi~-quentitative agreement with the theoretical notions set out above.

More pmﬁise theoretical quantitative enalysis is made difficult as a
result of the absence of sufficlently precise experimental data on the
temperature of the atmosphere and on measurement of the intensity of the hard
component of cosmic rays over gmell intervals of time,

{o the numbér of non~periodical veriations, possibly of a meteorological
character belongz also small increases {of the order of 02 ¢ 0.3;4) of the
intensity of the hard component of cosmic rays during the time of
discontinuation of radio=-communlcation and of small solsr flares,
Thegse phenomena are accompanied by an increased flow of ultra-violet radiation
which cen lead to the lowering of the temperature of the ozone layer by
several tens of degrees, Sueh a lowering of temperature causes, in its turn,
s certain increase of intensity of cosmic rays, This conclusion, in partioular,
explaine the fact thet effects of small solar flares in cosmic reys are
cbserved only on the day side of the earth,

However, the conclusion on the meteorological origin of effects of small

splar flares requires additional testing since changes of temperature of the
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ozone layer during the time of discontinuation of radio-commmication and
small solar flares have not been established with sufficient reliability,

The results set out show that meteorologloal factors play a substantial
part in the variations of intensity of the hard component of cosmic rays,

At the present time we are able to caleculate with considersble precision the
meteorological part of variations according to data of the meteorclogicel
sounding of the atmosphere, Results of investigations lead us to the
conclusion that seasonsl veriations are reduced salmost wholly to the
meteorological; diurnal variations are substantially mesked by them, and, in
actual fact ave twiece as great as those observed,

In conclusion we note that in this work we constantly made use of the
advice of S, N, VERNOV and N, I, GRIGOROV. Besides this, in the carrying out
of measurements, the following took part - 4, A, ANDREYEVA, L. N. BELYAYHEV,
N, V. ZEROVA, D, D, KRASIL'NIKOV, K, I. POL'SKAYA, G. V., SKRIPIN,

Ve D SOKQI.GV, W, V. TYUTIROV end A, I. YUKIMANKOVA, The authors express
deep gratituds to these eollesgues for the extensive help given them in this

complex work.,

Presented for publiceation

29th October, 1953,
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